This paper contributes to research on management control systems (MCS) as a package by exploring and comparing possible types of combinations of the levers of control (LOC, i.e interactive, diagnostic, beliefs, and boundary control systems) for a product development (PD) setting. representing competing models of the interplay between LOC and their impact on PD performance and organizational performance. Results show that the interdependence model is the most suitable in terms of fit to data and parsimony, providing evidence for the fact that the LOC move together and influence performance both directly and mediated throughout each other. Interestingly, PD performance is positively affected by both beliefs system and diagnostic use of performance measures, as these LOC have a significant direct effect and generate the largest total effects on PD performance, while the boundary system and the interactive use of performance measures, the last being praised in previous literature for its suitability for product development, have no significant effect and emanate lower total effects than beliefs and diagnostic control systems. The paper contributes to research by directing the attention to potential misspecifications of empirical LOC models. Additionally, the paper uncovers for practitioners the interdependence of the LOC in PD, thus clarifies the role of each of the levers for performance and therefore provides suggestions for a more successful design of MCS for PD.
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The interplay of the levers of control in product development
Introduction
Management control systems (MCS) refer to all actions or activities taken by management in order to direct the behavior of organizational members toward the achievement of organizational goals (Anthony and Govindarajan (1998) ; Flamholtz (1983) ; Otley (1994) ; Simons (1995) ). For decades the impact of different management controls, like budgets, accounting controls, or use of performance measurement instruments, have been considered separately from each other, as if they acted as standalone tools. But conceptual developments since the eighties suggest that MCS operate in a combined way as a package (Chenhall (2003) ; Fisher (1998) ; Malmi and Brown (2008) ; Otley (1980) ). Within a MCS package, different MCS are combined, i.e. firms may implement with different emphasis different MCS simultaneously and these are linked to each other (Malmi and Brown (2008) ; Simons (1995) ). Recent findings from qualitative studies support the existence of MCS packages (Abernethy and Chua (1996) ; Mundy (2010) ; Revellino and Mouritsen (2009); Sandelin (2008) , Tuomela (2005) ). Notwithstanding the high agreement on this concept and the " […] the potential for serious model underspecification" (Chenhall (2003) , p. 131) when ignoring it, most quantitative MCS research still relies on the analysis of isolated MCS elements. There is still scarce quantitative evidence about how the elements, i.e. the different MCS, are coupled within a package (Malmi and Brown (2008) ; Sandelin (2008) ). Using data from a survey of 468 senior managers, we formulate and test the fit of competing models describing how MCS relate to each other and how their relations impacts performance.
The setting of our research is the field of MCS for product development (PD). Previous empirical research provides seemingly contradictory results on the effect of formal MCS on PD performance. For example, on the one hand Abernethy and Brownell (1997) found formal accounting and behaviour MCS to be unsuitable for research and development tasks involving a high and frequent number of exceptions. Similarly, interactive control in form of management intervention was found to be detrimental to PD project performance by Bonner, Ruekert and Walker Jr. (2002) . On the other hand Bisbe and Otley (2004) found evidence that interactive control enhances PD performance at least for low-innovating companies, while Henri (2006) identifies a clearly positive relationship between interactive control and innovativeness. It is defensible to argue that 2 a part of the contradiction in results emerging from previous literature on MCS stems from (a) the restriction "[…] on a limited set of concepts" (Davila, Foster and Oyon (2009b) , p. 294) used to analyse MCS for PD (e.g. focus on interactive and/or diagnostic control systems), (b) following from this, the suppression of non-modelled, but existing relationships between different forms of MCS (Simons (1995) ), and (c) the ambiguity about how these relationships are designed in practice (Davila, et al. (2009b) ). Our study adds to this area of research as we put our analysis on a broader conceptual basis than previous research, thus allowing a more precise understanding of the phenomena of control for PD, and explicitly specify (different possible) relationships between the MCS put in place for PD.
We analyse the interplay of different MCS based on the levers of control (LOC) framework by Simons (1995) , who posits that the relation between interactive use of PD performance measures (e.g. use of performance measures to generate involvement of employees on firm goals), diagnostic use of PD performance measures (e.g. use of performance measures to monitor results), beliefs (e.g. values and mission statements), and boundaries (e.g. codes of conduct) enhances performance. We preferred the LOC framework to other MCS frameworks like Flamholtz, Das and Tsui (1985) , Merchant and Van der Stede (2003) , Ouchi (1977) , or Ouchi (1979) for several reasons. Simons (1995) explicitly addresses the need to combine and balance different MCS. This interplay is one of the core aspect of study. In his own words: "The power of these levers in implementing strategy does not lie in how each is used alone, but rather in how they complement each other when used together" (Simons (2000) , p. 301). Additionally, Simons (1995) work incorporates the issue of MCS for PD settings by addressing the need to balance between predictable goal achievement and innovation, what makes his framework a commonly used framework for research on MCS and innovativeness (e.g. Otley (2004), Henri (2006) ) and suitable therefore also for our analysis in the product development setting.
While it clearly stresses the importance of the interplay of MCS, at the same the LOC framework remains time nebulous about the type of combination that is expected to be found in firms.
What does for example the following statement mean in terms of firms MCS design decisions:
"The four control levers are nested -they work simultaneously but for different purposes. Their collective power lies in the tension generated by each of the levers" (Simons (1995) , p. 5)? Do the LOC simply coexist in firms, without intentional or unintentional reciprocal interferences, since they have different purposes? Or, alternatively, do they all move together, since they work 3 simultaneously to pursue the same goal of directing employee behaviour towards goal achievement? Or, furthermore, is the performance effect of the levers even conditional on the emphasis given to the other levers, as they generate a "collective power"? While the LOC framework leaves these questions unanswered, empirical research on LOC needs to care about the relationship between the LOC and thus to shed light on the type of this relationship. The importance of these reflections can be recognized by the diversified, not consistent modelling of the interplay between the LOC in empirical studies (e.g. the interactions in Henri (2006) and the interdependences in Widener (2007) ). Conceptual and empirical differences in the understanding of the interplay of the LOC, or at least the lack of proper discussion of these differences, lead to results that are hardly comparable and possibly misspecified.
To the best of our knowledge, a comparative view of possible combinations of LOC in line with Simons (1995) LOC is not available. In this vain, we compare different possible specifications of the LOC interplay in PD and argue that LOC can be modelled as additive LOC (i.e. as merely coexistent LOC), as interdependent systems (i.e. as associated LOC), and as interactions between the systems (i.e. as mutually conditional for high performance). Hence, we start in our The base model implies that all four LOC in Simons´ framework operate independently from each other. The impact of each LOC on PD performance and organizational performance is not dependent on presence and level of other LOC. Opposed to it, model 1 suggests mutual interdependencies between LOC in a way that changed emphasis on one LOC is associated changed emphasis on each other LOC. Finally, model 2 supports the existence of interactions between LOC, meaning that the impact of one LOC on performance is dependent on the level of another, interacting LOC.
This study contributes to research in several ways. First, we provide a detailed understanding of the LOC effects in a PD setting. The LOC framework explicitly addresses the need to balance 4 between predictable goal achievement on the one hand and innovation on the other hand. Therefore, the LOC is the best suited framework to describe the relationship between MCS and PD.
Nevertheless, existing research offers only fragmented evidence on this relationship. While e.g. Bisbe and Otley (2004) studies the relation between the interactive use of controls and product innovation, Henri (2006) considers the relation between interactive as well as diagnostic use of performance measurement systems and innovativeness. Their results remain somehow contradictory, since Bisbe and Otley (2004) find no generally valid direct effect of the interactive system on product innovation, while Henri (2006) recognises a significant positive effect. According Davila, et al. (2009b) , one possible issue with these previous studies is that, by providing detailed insights in the relationship between one or two LOC and product development performance, they restrict themselves to a limited concept of control, omitting important components of the package of controls used by firms. To the best of our knowledge, we are the first study that covers the entire conceptual domain of the LOC framework by considering (a) beliefs, boundary, interactive, and diagnostic control systems simultaneously, and (b) discussing the way in which they are related to each other in the context of PD. Thus, while we gain from previous studies important insights in the isolated effects of interactive and diagnostic control systems, we supplement their results and offer a more encompassing picture on the relationship between all levers and performance in a PD setting. This provides researchers with a better understanding of the conceptual work by Simons (1995) in an innovative setting, while practitioners can profit from this study by identifying the levers that are best suited to enhance performance in PD.
Second, there is strong consensus in literature on the existence of a relation among different MCS. This consensus is encouraged by insightful case-study research, like those from Marginson (2002) , Mundy (2010) , Revellino and Mouritsen (2009), and Sandelin (2008) . These studies show that different MCS operate in combination. Nevertheless, what remains unclear is if these findings are generalizable to other than the firms analysed, or rather if they are peculiar to the firms in consideration. Our cross-sectional quantitative study puts these analyses on a broader empirical basis. We compare our additive model, which negates the existence of a package and thus of an interplay of the LOC, with models that support the existence of this interplay based on the results of a representative sample of 468 firms from manufacturing industry, and demonstrate empirically its superiority. This allows for first more generalizable results on the existence of a MCS package that provide support for the underspecification of purely additive MCS models (or of models that are even restricted to one type of MCS), as conceptually argued by Chenhall 5 (2003) . Research can profit from these findings since they provide robust evidence for a phenomenon -the interplay of MCS in a sort of MCS package -that is widely agreed on, but lacks solid empirical evidence until now. Practice may be sensitized by this result and thus recognize that changes in the emphasis on one lever will not leave the other levers and/or their performance effects unaffected.
Third and again notwithstanding the acknowledgement of the MCS package concept, the type of interplay that better represents the MCS package that firms employ remains nebulous. We add to the discussion on the MCS package by comparing different types of LOC combinations analysed separately in literature and shed some light into the type of combination that best explains how LOC play together in firms. For example, Henri (2006) deals with the interplay of different LOC by postulating an interaction between the interactive control system and the diagnostic control system. At the same time, Widener (2007) interprets the LOC package as the interdependence between beliefs, boundary, interactive, and diagnostic control system. This somehow contradictory modelling leaves researchers doubtful about the soundest specification of the model. In this vain, we compare an interdependence model that follows the Widener (2007) understanding with an interaction model reflecting the Henri (2006) view of the LOC world. Since we use for both models the same construct measurement and cover all four LOC, we are able to compare the models in terms of the best specification. We show that the interdependence model is superior in terms of fit to the data and parsimony, thus being the specification that is most likely to replicate in future samples. While we do not claim to formulate the overall and ever "best" model specification, these reflections are intended to prompt MCS researchers to make the specification of the relationship between different MCS a core issue of their research. Practitioners can learn from the interdependence model how changes in only one levers of control may have a meaningful impact on performance both directly and mediated through the other levers.
The remainder of this paper is organized as follows. The section "Theory development and hypotheses formulation" discusses the overall relationship between LOC, PD, and organizational performance, generates hypothesized relations, and proposes competing models on the LOC interplay. The section on "Methods" gives an overview of the data collection process, the variable measurement, and the data analysis procedure. Results are discussed in the related section, while the section "Conclusion" provides limitations of the study as well as avenues for future research.
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Theory development and hypotheses formulation
The levers of control framework
Following the LOC framework (Simons (1995) ), four MCS contribute to strategy implementation: boundary system, diagnostic system, beliefs system, and interactive system. While boundary and diagnostic system represent constraining forces that impose compliance with rules, beliefs and interactive system focus on opportunity-seeking, enabling creativity, and problem solution (Simons (1995) ). Boundary systems "[…] delineate the acceptable domain for opportunityseeking for organizational participants." (Simons (1995) , p. 39). They induce behavior constraints necessary to prevent employees from engaging in misleading, non-goal-congruent activities. The definition of the off-limits behavior and of risks that should be avoided can be formally stated in a firm-specific code of business conduct or in internal guidelines and should be reinforced by management (Simons (1995) ). In a PD setting, this implicates the definition of markets, product areas, or customers, for which PD is not carried out, thus delineating the risks that should be avoided in PD. An example for such a definition of off-limits behavior for PD can be found with the furniture designer BoConcept: "Principle: We strive to avoid making products that are nonrecyclable" (BoConcept (2011)). Similarly focused on rule compliance, the diagnostic system supports management on exception basis, i.e. budgets, project timelines, milestones, as well as other data from management accounting are used by managers to set standards, monitor organizational outcomes, and correct deviations from preset standard performance. Management attention is only given if results deviate from standards or goals. The diagnostic use of management accounting information is intended to motivate employees to achieve organizational goals and therefore makes goal achievement more predictable (Simons (1995) , pp. 59). In PD different activities have to be tracked in order to monitor the progress of each project according costs, time, and quality key measures and compare the achievements with the expectations.
While boundary and diagnostic systems are constraining MCS forces, beliefs and diagnostic systems are enabling forces. Beliefs systems are "[…] the explicit set of organizational definitions that senior managers communicate formally and reinforce systematically to provide basic values, purpose, and direction for the organization" (Simons (1995), p. 34) . Formal instruments to communicate firm values are e.g. the mission, the vision, and the value statement. Together with the communication of values by top management during daily activities, mission and vision 7 statements are designed to motivate employees to expand efforts toward desired opportunityseeking (Simons (1995) (2011)). Interactive systems are characterized by a frequent dialogue between managers and employees and are intended to assure the adaptation capability of the firm in uncertain environments. Management accounting data that is monitored and discussed by management are used to orient the firm toward key issues and critical success factors, to tie the organization together, and to provide a common vocabulary across departments and hierarchies (Simons (1995) ). In terms of PD, an interactive system requires the use of management accounting data from e.g. project milestones, budgets, or project timelines to align the firm to the critical success factors, like innovation speed or target costs for new products. Furthermore, an interactive use of management accounting data generates a common understanding of the issues in PD across different departments, like finance, marketing, and PD departments.
Based on this LOC framework and the use of these levers for the area of PD, our paper investigates the impact of the LOC on PD performance and organizational performance. How do the levers influence PD and organizational performance? What are direct, what are indirect effects? These are the questions that drive us when researching the LOC-performance relationship, but their answering requires specifying in advance the model that best represents the interplay between the levers. Actually, the LOC framework proposes a coherent typology of levers used to control employees' actions by balancing opportunity-seeking and management attention, intended and emergent strategy processes, self-interest and desire to contribute (Simons (1995) ). This implies the need for interplay of the levers that should be considered in the specification of LOC models for research. But sometimes the levers are considered as merely additive, without any considerable interplay with the other levers. E.g., the Bisbe and Otley (2004) paper allows a deep understanding of the role of interactive systems in PD, but it neglects that the other levers also influence PS performance and that the influence of the interactive system could be more than the a direct effect, but also a mediated effect through the other levers or a condition to the perfor-8 mance effect of other levers. This additive understanding of the LOC stands in contradiction to the MCS package. Thus, we define the base model (i.e. the additive model, a model that does not display any relationship between the different levers) as our base model against which we test model 1 (i.e. the interdependence model) and 2 (i.e. the interaction model) as competing models that represent possible types of the LOC interplay.
The interdependence model
The interdependence model (model 1) suggests that the LOC are mutually associated, i.e. they somehow move together, so that changes in one of the levers go along with changes in the other levers, too. This model is equally supportable by Simons' framework, since he suggests that the levers work together to provide an effective MCS environment (Simons (1995) ). We first discuss the relationship between the LOC and the performance variables. Thereafter, we argue on the interdependence between the LOC.
Firms must ascertain that employees' behavior is beneficial for goal-achievement. To do so, they can rely on the four LOC previously described, which operate in a different way, but follow the same goal of assuring and increasing performance. Interactive use of performance measures for PD is implemented to focus the attention of the firm on strategic uncertainties and, in response to these, to encourage opportunity-seeking and creativity, thus increasing also organizational performance. At the same time, the diagnostic use of performance measures for PD drives the focus of firm's actions on critical performance variables, thus stimulating compliance with goals for both PD and the whole organization, without requiring time-and cost-consuming management attention. Stressing innovativeness as a core value of the firm by a properly designed beliefs system generates commitment of firm members towards its business strategy, therefore safeguarding that employees are motivated to operate in terms of an increase of performance. Finally, boundary systems delimitate the opportunity-seeking area of firm members by defining which range of actions are likely to be harmful for PD and organizational performance (Simons (1995) ). In summary, the LOC framework describes a typology of control systems that indeed act differently but are likely to have at the same time a positive influence on PD and organizational performance. Empirical results partially support the postulates from this framework. Bisbe and Otley (2004) found at least for low innovation firms a significant positive relationship between interactive control systems and product innovation, while Henri (2006) finds an overall significant positive relationship between the interactive use of performance measurement and 9 innovativeness (but at the same time he detects a significantly negative association between diagnostic control system and innovativeness). Bonner, et al. (2002) shows that involvement of employees in the development of controls used to monitor PD performance, i.e. an interactive way to deal with control, has a positive impact on PD project performance, while other components of an interactive control system, like management intervention, has no or detrimental effect on performance. Widener (2007) finds that the association of both interactive and diagnostic use of performance measurement and organizational performance is significantly positive. Furthermore, her survey results suggest also a positive impact of the beliefs and boundary system on organizational performance. In a field study, Collier (2005) shows the importance of the beliefs and boundary system for a multinational packaging machinery supplier. A study on the significant positive effect of the mission statement on financial performance, especially if adequately implemented in the rules and procedures of the firm, is supplied by Bart, Bontis and Taggar (2001) . Similarly, Craig (1995) found bureaucracy in terms of formal rules, guidelines, and evaluation systems as a supportive mechanism for PD. Informed by these conceptual and empirical research results, we formulate the following hypotheses:
H1a: The emphasis firms place on the interactive use of performance measures, on the diagnostic use of performance measures, on the beliefs system and the boundary system for product development is positively associated with product development performance.
H1b: The emphasis firms place on the interactive use of performance measures, on the diagnostic use of performance measures, on the beliefs system and the boundary system for product development is positively associated with organizational performance.
Peculiar to the interdependence model is the mutual association between the LOC. Following Simons (1995) , the LOC are "nested" (p. 5), their use relies on "continual interplay" (p.
30). One defensible specification of this relationship between the LOC is in terms of correlations.
This implies that the levers move together, i.e. changes in one lever occur at the same time than changes in other levers. How these interdependencies can be justified can be drawn also by previous empirical research. Different previous works argue for an association between a firm's beliefs system, e.g. its mission statement, and other instruments designed to manage and control employees' behavior (Pearce II and David (1987); Widener (2007) ). On the one hand, if management is not able to communicate what the firm stands for, than it is likely that other LOC are not particularly accentuated since the overall direction and motivation provided by the beliefs system is missed. On the other hand, if the LOC apart from beliefs system are only little emphasized and are therefore unable, or able only to a small degree, to define the boundaries of action, to diagnose the level of goal achievement, and to generate a common understanding of firm's goals, than it is likely that the firm misses to emphasize what the overall directions and values of firm acting should be. Consistently, Sandelin (2008) found in her case study about a high technology entrepreneurial firm that business units operations " […] were controlled by mutually reinforcing forms of cultural, personnel, and action control" (Sandelin (2008) In a similar manner, the emphasis on the boundary system might be interwoven with the emphasis on other LOC. The boundary system delineates the area for which opportunity-seeking is desired and, in turn, for which evaluation of results based on accounting data is required. Thus, it is likely that a strong emphasis on the boundary system goes along with a strong emphasis on both diagnostic and interactive control systems, which are responsible for the evaluation of compliance with and shaping of organizational goals. Since boundary system and diagnostic system both represent the constraining, negative forces of the LOC framework (Simons (1995) ), we suppose that emphasis on one constraining force goes along with emphasis on the other constraining LOC (Widener (2007) ). At the same time, Mundy (2010) finds in her case study that in the PD process of the financial services firm she investigates an emphasized boundary system goes along with an emphasized interactive control system, since changing conditions in PD increase the necessity to debate about new, changing issues and goals in the firm, while the boundary system has to formulate on that basis new constraints for operations in PD. Widener (2007) sees a significant correlation between boundary system and both interactive and diagnostic control system. Following the seminal work by Miller and Friesen (1982) , the entrepreneurial firm pursues aggressively innovation efforts. The LOC implied by this sort of firms is an interactive control system (Simons (1995) ), that supports forward-looking, risk-seeking behavior. Nevertheless, to reduce the risks of excessive aggressive innovative behavior, firms put in place at the same time diagnostic control systems that prevent employees from improper, unstructured innovation, but track the progress of the PD efforts (Bisbe and Otley (2004); Miller and Friesen (1982) ). Tuomela (2005) showed in her case about the introduction of a new performance measurement system that the interactive discussion about common issues and firm goals goes along with the At the same time, the use of LOC requires management attention, which in turn implicates the consumption of one of managers' most limited and thus costly resources, i.e. time. For this reason, it is likely that an increase of emphasis on one LOC goes along with a reduced emphasis on another LOC, or vice versa. Simons (1991) first discusses the issue of the limited management attention to LOC and the trade-off between the attention paid to different LOC. Mundy (2010) finds that certain LOC are suppressed by managers when their attention is driven toward other LOC. In summary of these considerations, we formulate the following hypothesis:
H1c: The emphasis firms place on the beliefs system, on the boundary system, on the interactive use of performance measures, and on the diagnostic use of performance measures for product development are mutually correlated.
It is common knowledge that PD performance is expected to lead to a sustained competitive advantage that contributes to organizational performance (Capon, Farley and Hoenig (1990) ).
Share of new products to total products, share of sales and share of profits from new products are likely to affect organizational performance in a positive way and therefore to increase growth, profit and returns. Thus, we hypothesize:
H1d: Product development performance is positively associated with organizational performance.
In summary, the interpretation of the package of MCS that follows from the interdependence model suggests a mutual association between the LOC. These move together in the same or in opposed directions when changes in one of the levers occur.
The interaction model
The second competing model we present is the interaction model (model 2). Simons (1995) refers to a "[…] collective power [that] lies in the tension generated by each of the levers" (p. 5) and to a "dynamic tension" (p. 30) between the levers. Tensions refer to the combination of opposing but interrelated elements of the same system (Lewis (2000) ). In Simons' understanding, these tensions are referred as "dynamic" since they do not generate stagnancy, but rather involve reinforcing cycles between the elements in tension (Lewis (2000) ). The LOC proposes negative and positive, i.e. constraining and enabling levers, that are perceived as opposing (and thus in tension), but are nevertheless jointly used since they are deemed to manage "inherent tension" (Simons (1995) , p. 29) between opportunity-seeking and limited attention, intended and emergent strategies, self-interest and desire to contribute. The management of these tensions, made possible by the joint use of opposing LOC, allows increasing performance. We follow Henri (2006) and specify a model with interaction terms between the LOC that emanate constraining and the LOC that emanate enabling forces. Thus, the relationship between the LOC described in this model assumes that the performance impact of one lever is conditional on the emphasis given to another opposing lever (and vice versa).
These conceptual thoughts find reflection in empirical works. Lewis, Welsh, Dehler and Green (2002) analyze dynamic tensions in a PD setting and find that successful PD requires the ability of managers to cope with tensions between conflicting project management styles, i.e. an emergent, freedom-and innovation-oriented style, and a planned, goal implementation-oriented style. They suggest the use of "[…] subtle control: effective managers provide strong leadership to keep team focused and on schedule, while empowering team members to foster motivation and creativity" (Lewis, et al. (2002) , p. 562). In the same vein, Mundy (2010) shows how managers of a financial services firm consciously use opposing LOC jointly, i.e. interactive and diagnostic control systems, beliefs and boundary systems, as well as interactive and boundary control systems with the aim to balance these opposing forces in order to achieve high performance. Henri (2006) tests the effect of the dynamic tension between interactive and diagnostic control systems on innovativeness and organizational performance and found no significant effect of this tension on innovativeness, but a significant positive effect on organizational performance. We follow Simons' notion of positive and negative forces in the LOC framework, which subsumes the beliefs system and the interactive control system to the first, and the boundary system as well as the diagnostic control system to the latter. Therefore, we hypothesize: Finally, we incorporate in our interaction model the hypotheses H1a-H1d from the previous model. In summary, the interaction model adds to the interdependence model 1 the notion of dynamic tension stemming from the joint use of opposing LOC and formulates interaction ters that represent as a mutually conditional relationship of the LOC on performance. The strength of effect of one LOC depends here on the emphasis on another LOC.
Methods
Data collection
Data was collected through a structured written questionnaire sent per mail to one member of the top management of the target firms, i.e. the Chief Financial Officer (CFO), the Chief Technological Officer (CTO), or the Chief Executive Officer (CEO). We chose them as informants since there are knowledgeable of the LOC and their implementation in PD (Davila, Foster and Li (2009a); Widener (2007) ), what was confirmed by our pretest. For 85 firms, duplicates, i.e. two questionnaires from two different respondents from one firm, were returned and used to control for interrater reliability potentially affected by different respondents' perceptions.
The target population is identified through the AMADEUS database 1 and consists of 7,712 large and medium-sized firms in the manufacturing sector (C-section in the NACE Revision 2 classification) from German speaking countries (Germany, Austria, and Switzerland).
Firms respecting the following criteria were sampled: (1) at least 50 employees (full time equivalents) for the year 2008; (2) at least 10 million euro sales for the year 2008. Since the survey was conducted during the 2009 world financial crisis, but we were seeking for results that were as far as possible unbiased by this critical event, we refer our survey questions to the average firm situation over the last three years. While the retrieval of information from past years is undoubtedly a difficult cognitive process, our results on convergent validity and interrater agreement (cf. the "Results" section) offer indications the fact that recall bias is not a major issue. In order to be able to check for respondent bias, we sampled those firms that provided financial data in the AMADEUS database for the last three years. Thus, the sample consisted of 2,695 firms, where we identified 4,961 potential respondents. 2 In order to collect the contact data from this sample, we contacted the firms by phone call or e-mail and, wherever possible, prenotified the respondents. This helped us to increase the likelihood that the respondent we wanted to answer our question was indeed the person who obtained the questionnaire. Each mail-out package included a personally addressed signed cover letter (in which we guaranteed confidentiality of answers and anonymity in result reports), the questionnaire, and a prepaid reply envelope. As an incentive to respond, we offered an executive summary of our results and the participation to a workshop to discuss the results with researchers and practitioners. The follow up wave consisted of a second package with a cover letter urging answer and a replacement questionnaire sent to those who had not answered yet (Dillman (2007) ).
From the initial 2,695 potential respondent firms, 87 could not be contacted since the firms closed, failed, or moved to an unknown address. We received a reply questionnaire from 962 firms. After correcting for those 68 firms for which the questionnaire came from a respondent that was beyond the scope of our analysis (e.g. different functional and/or hierarchical level), 894 questionnaires remained. For our basic analyses we considered for the 85 duplicates only the first questionnaire we received in order to avoid the bias from considering the same firm twice (cf. the "Results" section for interrater reliability). We investigated unit non-response bias by comparing respondents with addressed non-respondents and respondents with the survey population (i. e. all manufacturing firms in German speaking countries with at least 50 employees and 10 million euro sales available in the AMADEUS database for the last available year). The pattern of industry distribution of respondents following the NACE Rev. 2 divisions compares well to the industry distribution of addressed non-respondents (chi square(23)=33.079, p=0.08) and of population. Only division 33 of the NACE classification required corrective actions (reweighting through random deletion of n=61 cases from division 33), since there was an over-representation of firms in this division compared to the distribution of the population. After this correction, 833
firms remained in our sample and chi-square statistics did not show significant differences in the industry distribution between respondents and population (chi square(23)=34.895, p=0.053). We found no statistical differences in number of employees, sales, EBIT, fixed assets, and intangible assets between respondents and addressed non-respondents as well as between respondents and population. The results, including sample characteristics, are displayed in table 1.
[insert table 1 about here]
From the 833 firms considered, 365 declared that they had not put in place a measurement of the performance of their PD. For this reason, from this point of the course of the analysis, we carried out our research based on 468 responses. This leads to a ratio of 9.55 respondents per parameter estimate referred to the most simple base model and a ratio of 5.38 for the most complex model 2, which indicates an adequate sample size for the estimation of our models (Bentler and Chou (1987) ).
To further approximate unit non-response bias, we compare the responses of early and late respondents (Armstrong and Overton (1977) (2002)), we used the EM-algorithm to replace missing values. This algorithm provides consistent and efficient maximum likelihood (ML) estimates for missing completely at random values (Schafer and Graham (2002), Yuan and Bentler (2000) ).
Construct measurement
All measures are borrowed from existing and validated instruments and slightly adapted for the PD setting. We developed the questionnaire in English and then translated it into German for adaption to the sample. Back-translation following Brislin (1970) was adopted to verify equivalence between translated and original items. To safeguard content validity, we additionally talked to experts in the field (both academics and practitioners) to discuss the questionnaires. The three-steps test-interview method was used to pilot test the questionnaire with six potential re-spondents (Hak, van der Veer and Ommundsen (2006) ). This led to slight adjustments in wording and format of the questionnaire.
Due to the reflective nature of constructs (items of one construct are all significantly positive correlated with each other), we could purify our construct measurement by excluding few items from the original instruments to increase reliability, without changing the meaning of factors (Bollen and Lennox (1991) ). To make sure that constructs are still content valid, two experts in MCS research were asked to discuss if the meaning of the construct had changed. Appendix 1 displays questionnaire items, descriptive statistics, standardized loadings, individual item reliability, as well as Cronbach's Alpha, and composite reliability for each construct. Common thresholds for this measures are generally met (standardized loading>0.6 and significantly different from zero, Cronbach's Alpha>0.7, individual item reliability>0.4, composite reliability>0.6; cf. Bagozzi and Yi (1988) ; Nunnally and Bernstein (1994) ), with slight departures from thresholds for one item for the boundary system construct and one item for the PD management construct.
Interactive and diagnostic system is measured using an instrument developed by Vandenbosch (1999) and refined by Henri (2006) . In this study we investigate the interactive and diagnostic use of performance measures for PD since their diffusion in practice and research (Widener (2007) ). Since the questions relate for both construct to the use of PD performance measurement, we use and report in appendix 2 the results of an exploratory factor analysis across these questions in order to ensure discriminant validity between the constructs. The measurement of beliefs and boundary system is taken from Widener (2007) . All these instruments are grounded in Simons (1995) LOC framework and allow to use already validated scales that are directly related to the theoretical framework of our analysis. We slightly adapted the questions to the area of PD. The dynamic tensions operationalized in model 2 (interaction model) are based on constructs that represent the interaction between interactive and diagnostic system on the one hand (Henri (2006) ), and expended in our study to beliefs and boundary system, boundary and interactive system, and beliefs and diagnostic system on the other hand. Interaction constructs can be implemented in SEM with different, competing approaches (Cortina, Chen and Dunlap (2001) , Marsh, Wen and Hau (2004) ). We follow the interaction approach by Marsh, et al. (2004) , who propose to use a subset of indicators suggested in the seminal work by Kenny and Judd (1984) and to leave variance of measurement errors and loadings to be freely estimated. The Marsh, et al. (2004) approach is based on the use of matched-pair products in which the information of each indicator is considered only once (e.g., if factor X has x 1 and x 2 as indicators and factor Y has y 1 and y 2 as indicators, the approach suggests for the latent variable interaction XY two indicators,
i.e. x 1 *y 1 and x 2 *y 2 ). 3 We favor this approach since it does not require the specification of constraint equations derived from the assumption of multivariate normality of data, leading therefore to a relatively small bias in estimates (Marsh, et al. (2004) ). To avoid issues of multicollinearity, variables are centered in the interaction model before building the interaction construct (Jöreskog and Yang (1996) ).
PD performance is measured with indicators taken by Bisbe and Otley (2004) , Capon, Farley, Lehman and Hulbert (1992) and Griffin (1997) and focuses on share of new products in the product portfolio, share of profit from new products, and share of sales from new products.
Our construct requires to rate the performance of the firm in comparison to the industry in which the firm operates and follows therefore Govindarajan (1984) . Like Bisbe and Otley (2004) , we also ask for a rating of the subjective importance of the difference indicators, what allowed us to weight each PD performance criterion with the attached importance. In the same fashion, we refer to the measure of organizational performance by Govindarajan (1984) and ask for rating about return and profit growth measures with regard to industry average. The period for which performance assessment is required is the last three years. With this instrument, we safeguard stability of our results over time (Delaney and Huselid (1996) ).
All our rating scales can be interpreted as interval-scaled, since we respected the condition of at least 5 scale-points (Bagozzi (1981) ) and anchor each of the five points in order to suggest to respondents that the difference between the points is equally-spaced (Westermann (1985) ).
This allows for using methods that require continuous data (Bentler and Chou (1987) ).
Exploratory factor analysis (principal factor analysis with direct promax factor rotation)
showed unidimensionality of predefined constructs. Confirmatory factor analyses (CFA) for each construct show a good model fit according to the commonly used fit indexes (Henri (2007) , Kline (2011)) for each of the measurement model components. Classical chi square statistic is used to test the exact-fit hypothesis, which can be considered implausible in most empirical research (MacCallum, Browne and Sugawara (1996) ). Therefore we supplement the chi square information with more informative approximate fit indexes, i.e. the absolute fit indexes AGFI,
18
RMSEA, and SRMR, and the incremental fit index CFI. Thresholds are as follows: p-value of chi square test>0.05, AGFI>0.9 (Bagozzi and Yi (1988) ), RMSEA<0.1 (Browne and Cudeck (1993) ), CFI>0.95 (Hu and Bentler (1999) ), SRMR<0.08 (Hu and Bentler (1999) ). Only the beliefs system construct reports deviations from thresholds for AGFI and RMSEA, but CFI and SRMR suggest a good fit with respect to the independence model and low mean correlation residuals. Nevertheless, results related to this construct might be considered with some caution.
Composite reliabilities above 0.6 and consistently high standardized factor loadings for each construct are indicant of convergent validity of measures. Discriminant validity is granted for each construct according the Fornell and Larcker (1981) criterion. Appendix 3 reports correlations between constructs, which are moderate and therefore additionally suggest discriminant validity.
Finally, for each pair of constructs, a model with two freely correlating constructs was compared against a model with the correlation of these two constructs constrained to 1. For all pairs of constructs, we found significant chi square differences, what provides a further indication of discriminant validity of the constructs employed. Finally, we performed Harman's single factor test, which requires carrying out an exploratory factor analysis with all items used and checking the number of factors that are required to account for the variance in the items. A one-factor-solution is considered indicative of a common method bias. The solution for our items is a six-factorsolution, what does not provide support for a common method bias in the data. Furthermore, the fact that respondents served on average for 6.3 years in their current position and on average for 13.1 years in their current firm does lend additional confidence in their ability to objectively evaluate the issues in the questionnaire.
Data analysis
The four models presented above are tested with a SEM approach. SEM is chosen since it allows explicitly considering and estimating residuals and their variance, and it can incorporate latent, i.e. unobserved, variables. This study follows the alternative model approach proposed by Jöreskog (1993) as an approach different to the classical strictly confirmatory approach, which requires the testing of a single model ending with its acceptance or rejection. The alternative approach is suitable for research questions with more than one theoretically justifiable model. This approach is aimed at identifying, based on the same data sample, the model among an number of competing models that best fits to the data (Jöreskog (1993) ).
We use the AMOS 18 software program with maximum likelihood (ML) estimation approach. ML requires multivariate normal distributed data. Mardia´s test for multivariate kurtosis (Mardia (1970) ) gives tentative indication for multivariate non-normality of data, univariate kurtosis and skewness are far lower than the thresholds for identification of non-normality (highest absolute value for skewness in sample=1.443<3.00 threshold; highest absolute value for kurtosis in sample=2.043<10.00 threshold) (Kline (2011) (2011)).
The three proposed models are evaluated based on two major types of goodness-of-fit in-
dexes. First, we analyze the model fit to data by using the exact-fit chi square test, AGFI, CFI, RMSEA, and SRMR. Second, we compare the three models. This is accomplished for nested models (i.e. model 1 and 3) by a chi square difference test. Additionally, for both nested and nonnested models we employ the three criteria proposed by Jöreskog (1993): Akaike's Information Criterion (AIC), Consistent Akaike's Information Criterion (CAIC), and Expected CrossValidation Index (ECVI). AIC (Akaike (1974) ) is a predictive fit index that measures model fit based on the ability of the model to replicate in future samples. AIC is adjusted for parsimony by considering the degrees of freedom of the model. In a similar manner, CAIC (Bozdogan (1987)) extends AIC by providing a penalty for complex models by additionally considering sample size.
Finally, ECVI (Browne and Cudeck (1989) ) analyzes the difference between the estimated variance-covariance matrix and the expected variance-covariance matrix that would be obtained from a sample with the same size taken from population. To strengthen our inferences, we scrutinize the 90% confidence interval for ECVI. These measures allow ranking the competing models and choosing the model with the smallest value for all criteria. (Jöreskog (1993) ; Kline (2011) ).
Results
Model testing
We compare the three competing models and search for the model that best describes the functioning of LOC within the package in a PD setting by comparing significance of path coefficients and measures of fit. This analysis is divided into two parts. First, we compare solely the LOC combinations, i.e. the interplay between the constructs related to LOC, without including the relationship of LOC with performance (we call these models "reduced" models Consistently across the additive model (base model), the interdependence model (model 1), and the interaction model (model 2), we found a significant positive association between the beliefs system designed for PD and the PD performance as well as organizational performance.
This indicates that communicating innovativeness as a core value of the firm through mission statements or by management communication influences employees' behavior and encourages fruitful idea-generating and idea-implementing attitude. The beliefs system represents the most powerful LOC in a PD setting, as can be seen from coefficient size. How powerful the implementation of a beliefs system for PD is can be recognized by the fact that the beliefs system is the only LOC that emanates a significant direct influence on organizational performance. This result, that is consistent with the LOC framework, clearly stresses what decades of creativity and innovation management research preached: The importance of the generation of a common understanding of the importance of innovativeness in the firm and of culture that formally and informally reinforces the high relevance of PD for corporate activities (Amabile (1998) ).
What is really interesting is that, in the same vein, the diagnostic system of control does not only show a significant association with PD performance, but that this association bears a positive sign for all three models. It seems that the Miller and Friesen (1982) and the Adler and Borys (1996) arguments about the importance of constraining bureaucracies shows up in our data and is still valid. A diagnostic control system helps the firm to avoid preventable resource wasting due to excessive, uncontrolled innovation efforts.
Consistently across all models, PD performance is positively associated with organizational performance. It is still true that firms that perform well in PD generate a competitive advantage that helps them to create an outstanding organizational performance.
Another general finding across the base model, model 1, and 2 is that interactive system and boundary system are not associated significantly to PD and organizational performance, neither in a positive, nor in a negative way. The benefits from implementation of interactive and boundary systems seem to be outweighed by the costs of implementation, e.g. management involvement required (Widener (2007) ).
After these general findings, we turn to the analysis of the fit of the single models. those LOC that oppose each other most. We included the four dynamic tension constructs as la-tent interaction constructs. Against our expectation, we could not find significant effects arising from the interaction terms for PD performance. This is consistent with the findings by Henri (2006), who was also unable to find a significant effect of the dynamic tension between the interactive and the diagnostic control system on innovativeness. Against all expectations from theory, the combination of LOC seems not to be such complex and seem not to require that one LOC is put in place and emphasized in order to allow another LOC to emanate its impact on PD performance. Nevertheless, we find a significant positive effect of the dynamic tension between the beliefs and the boundary system on organizational performance. This means that the positive effect of the beliefs system on organizational performance is higher when the beliefs system is emphasized jointly with the boundary system, even if the boundary system itself has not a significant relationship to organizational performance. In other words, the boundary system serves as a prerequisite for a stronger impact of the beliefs system on organizational performance. This may be explained in the way that the beliefs system is especially effective when the boundary system makes sure that the opportunity-seeking postulated through the beliefs system is not exacerbated The difference in modeling the interplay of the LOC as additive or interdependent and thus the risk of misspecification is supported by the scrutiny of direct, indirect, and total effects for the base model and model 1 (cf. table 5). We find that a modeling disregarding the fact that the LOC move together (i.e. without correlations between the LOC) leads to the suppression of a considerable amount of total effects. For example, the total effect of the beliefs system on PD performance amounts to 0.252 in the base model and increases to nearly to the double in model 1.
This stems from the fact that, besides the direct effect from the beliefs system on PD performance, the beliefs system emanates its effect mediated by the others LOC. All the four LOC emanate substantial indirect effects on PD and organizational performance, what legitimizes not only the role of the LOC having a significant direct effect on performance, but also of those LOC that are helpful to strengthen the impact of other LOC on performance. Thus, we observe that indeed there is a sort of concerted action between the LOC in a PD setting, an environment in 23 which each LOC plays a fundamental role -by directly affecting performance in a meaningful way, or by allowing other levers to increase their own total impact on performance.
[insert table 5 about here]
In summary, the model that best fits to the data under the requirement of parsimony is our interdependence model. This result suggests that, among the different theoretically supportable models, a model that proposes a mutual reinforcement of LOC performs best. This gives us an idea about the type of combination within the package of LOC.
Robustness of results
In order to lend credibility to our results, several procedures were carried out. We discuss these procedures and related results along the issues of internal, construct, and external validity.
Internal validity
Following Schwab (2005) , addressing internal validity means to make credible that a variation in scores on a measure of an independent variable is responsible for variation in scores on a measure of a dependent variable. In our study we find significant correlations between all LOC in our model 1. In order to make sure that our interpretation of these correlations in terms of a concerted behavior of LOC holds, we control for variables that are likely to drive LOC and therefore to explain their correlation. In line with Davila (2000) , who finds uncertainty and strategy to drive LOC design for PD, we control for environmental unpredictability, innovativeness of the firm, and PD strategy as potential drivers.
The degree of uncertainty a firm has to face, understood as threats that could undermine the achievement of strategic goals (Simons (2000) ), is likely to be positively associated with the emphasis of the four LOC (Widener (2007) ). The higher the uncertainty, the larger the gap between desired and available information, the higher the need to use the LOC in order to reduce this gap. We proxy uncertainty by measuring the perceived unpredictability of the environment and the degree of innovativeness of the firm. Environmental unpredictability is measured based on items taken from a scale by Gordon and Narayanan (1984) about how the predictability of competitors and tastes and preferences of customers has developed over the last three years. The higher the score, the less predictable the environment has become. 4 The degree of innovativeness of the firm is a further proxy for uncertainty, since innovation always involves some threats to goal achievement. As the LOC are designed to reconcile innovation with predictable goal achievement, it is likely that the degree of innovativeness is positively associated with the emphasis on the LOC. The measure for innovativeness is borrowed from Miller and Friesen (1982) and addresses the emphasis of the firm on R&D, technological leadership, and innovation, the number of new lines of products marketed in the last three years with respect to the competitors, and the degree of change in product lines over the last three years. The higher the score, the more innovative the firm.
5 Simons (1995) argues that the LOC are necessary to balance between different types of strategy. Thus, we additionally we control for the type of PD strategy. Mintzberg and Waters (1985) analyze strategies by drawing on the continuum between perfectly deliberate and perfectly emergent strategies. While deliberate strategies are those that reflect precise intensions shared within the organization, absence of intensions and patterns imposed by the environment characterize perfectly emergent strategies. Thus, more deliberate strategies allow and require emphasized LOC to safeguard the achievement of strategic goals set up in the firm, while a lower emphasis of LOC will follow from more emergent strategies, since a lack of intensions deprives the management of the necessity to direct employees toward goals, and thus of the necessity to emphasize LOC. We ask for PD strategy by using one-item instrument based on Mintzberg and Waters (1985) and anchored on the one hand with "Our PD strategy is completely defined and controlled based on firm's intensions" and on the other hand with "Our PD strategy is completely imposed by the environment". The higher the score, the more emergent the strategy is.
Appendix 4 reports the results of the estimation of the three models including environmental unpredictability, innovativeness, and PD strategy. Overall, we find that model 1 remains unchanged the best performing model in terms of fit and parsimony. The emphasis of the LOC shows to be driven, with exception of the boundary system, by the degree of emergence of the strategy (the more the strategy emerges from the environment and the less it is based on internal did not converge to one factor and had overall an even lower Cronbach's alpha=0.508. The measure of perceived environmental uncertainty lead to five factors in the exploratory factor analysis (principal factor rotation, extraction of factors with eigenvalue>1, promax rotation). After correction for high cross-loadings and considering loadings>0.3, we chose the factor with the highest reliability in terms of Cronbach's alpha, what we label environmental unpredictability, as a proxy for uncertainty. 5 The three items build one factor with a modest Cronbach's alpha=0.576. Dropping an item does not increase internal consistency, thus we rely on the three-items construct to cover innovativeness of the firm as potential driver of MCS.
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intension, the less the LOC are emphasized), and by the innovativeness of the firm (the more innovative the firm, the higher the emphasis of the LOC), while environmental unpredictability seems not to drive the way in which PD is controlled. Under the premise of these drivers, a scrutiny of the estimates of model 1 reveals, as expected, a decrease in magnitude of the correlations between the levers, but these remain, with exception of the beliefs-diagnostic correlation, positively significantly different from zero. This indicates that the beliefs and diagnostic control system still move together, but this effect is only marginal after controlling for drivers, while all other LOC still move together after controlling for drivers that could have accounted for the entire correlations. Retesting our models with drivers by using random subsamples from our sample does not change these inferences.
While we found model 1 to best and parsimoniously fit to the data and controlled for potential drivers overwriting the relationships found, one could contend that there are threats to internal validity in model 2. In designing model 2, we follow the approach by Marsh, et al. (2004) , who postulates that the main factors, i.e. the four LOC, have to be correlated. If we drop the assumption of correlation between the LOC, both ranking of models and significance of effects remain unaffected. Similarly, results and interpretations of the model are not changed if we control for possible correlations between main factors and interaction variables.
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Construct validity
We rely again on Schwab (2005) and define construct validity as the degree of correspondence between cases´ score on a measure and the mental definition of the construct the measure is designed to represent.
The organizational performance construct allows for the examination of the convergence between the scores obtained from respondents of the survey and objective data, and thus to control for common method bias that may stem from the key informant approach of this survey (Podsakoff, MacKenzie, Jeong-Yeon and Podsakoff (2003) ). We collected data from the AMADEUS database about the development of return on capital employed (as proxy for return on investment), return on sales, and EBIT growth (as proxy for profit growth) for sample firms over the last three years. Additionally, the average development of these indicators in the twodigit NACE industries was recorded. Following Venkatraman and Ramanujam (1987) , the differ-ence between average development and firm development was used to validate the key informant answers from the questionnaires. There is evidence for convergence between objective data and subjective ratings, as these measures but significantly positive correlated (r=0.199 (p<0.001) for profit growth, 0.195 (p<0.001) for return on sales, and 0.245 (p<0.001) for return on investment).
This modest correlation coefficients are in line with previous research (Venkatraman and Ramanujam (1987) ) and may be due to the fact that the major industry in which the firm operates diverges from the NACE definitions (although careful industry specifications were provided in the questionnaire) or that the AMADEUS proxies for our questionnaire items diverge per se from the measurement of the items in the firm (e.g., we proxy return on investment in the questionnaire by return on capital employed in the database). Nevertheless, in order to find additional support for our results, we respond to the call by Venkatraman and Ramanujam (1987) (Bliese (1998) ; Shrout and Fleiss (1979) ). Overall, in the 85 duplicates we received, there seems to be an acceptable level of agreement throughout the questionnaire items.
However, the boundary system construct should be considered with some caution, since all its items' ICC (1) BMS=between-targets mean square, WMS=within-targets mean square, and K=number of judges. In our analysis, the targets are the different firms while the judges are the different respondents (cf. Shrout and Fleiss (1979), p. 423) cant difference in the structural model due to the boundary system-PD performance path, which is significant positive for the CEO group of respondents and non-significant for the CFO group.
Comparing the measurement model of the CTO with that of the CEO displayed measurement non-invariance due to three item loadings. 8 To control for this issue, we drop the related items and reestimate the model. We find that these items do not drive our results, since the estimates are qualitatively unchanged. When testing for the structural invariance of the model without the non-invariant items in the measurement model, no significant difference between groups is detected. Overall, these analyses show that our results are not strongly susceptible to respondent bias.
Since the survey was conducted during the 2009 world financial crisis, but we were seeking for results that were as far as possible unbiased by this critical event, we our survey questions refer to the average firm situation over the last three years. While the retrieval of information from past years is undoubtedly a difficult cognitive process, our results on convergent validity and interrater agreement offer indications for recall bias being not a major issue.
While the LOC and the performance constructs flow directly from the questionnaires into the analysis, the dynamic tensions constructs are derived from a further processing of data from the questionnaires. We follow Henri (2006) in using latent variable interactions to measure the different dynamic tensions constructs. We employ the Marsh, et al. (2004) 
External validity
The ability of the results to replicate in different settings is the core issue of external validity. The most promising way to address external validity is the replication of the study in different settings, like in other industries, countries, etc. Even if this cannot be accomplished within this study, the likelihood that results are to a certain degree universal is dependent from the effect of moderating variables. Thus, we control for firm size and industry. Results are displayed in appendix 5 and suggest that neither firm size nor industry moderate the paths and correlations in model 1 as a whole. Furthermore, in our results we argue for the superiority of the interdependence model. To provide some tentative evidence for the fact that we did not obtain our results by capitalizing on chance, we tested for the stability of our result by splitting our sample into two random subsamples and comparing the three models. The ranking of the models is the same in the full sample as well as in both random subsamples, what supports the stability of our results across subsamples drawn from our sample. This makes us confident that results, at least for the area of PD, are likely to replicate in other studies.
Conclusion
Our findings contribute to research in several ways. First, we join the discussion raised by Malmi and Brown (2008) , among others, about the existence of a package of MCS, i.e. a number of controls that operate in a certain combined way when influencing employees behaviour.
Therefore, we analyse a non-package model (our base model, the additive model) to see if the package notion itself stands based on cross-section data from manufacturing industry for a PD setting. We found that the additive model is not able to reflect the data in an adequate manner and can therefore confirm that the non-package model is not able to describe what firms experience when implementing LOC in PD.
Second, we propose and test two additional theoretically equally justifiable models of combinations of LOC in order to shed some light into the nebulous concept of MCS package. We compare the interdependence model with the interaction model and find that the interdependence model is the one that best represents the data. This means that the notion that emphasizing one 29 LOC is a prerequisite for a higher impact of another LOC on performance does generally not hold. The package is not that tight, since it is only based on a mutually reinforcement between the different LOC.
Finally, we refine previous findings on the effect of single LOC on PD performance. Especially, we add on the work of Bisbe and Otley (2004) , who did not find an overall significant effect of interactive MCS on PD, and could confirm this finding. Furthermore, we can add on to Bisbe and Otley (2004) by stating that, against what was expected according the LOC framework, the diagnostic system has a significant positive impact on PD. Similarly to Henri (2006) we cannot identify a significant relationship between the interaction among interactive and diagnostic control system and PD performance. A significant and positive effect emanates from the beliefs system that stresses the importance of PD efforts in the firm. Scrutiny of total effects demonstrate how powerful the beliefs and the diagnostic control systems are in a PD setting.
Despite these contributions of this study, some limitations must be noted. Our study concentrates on the PD setting of the manufacturing industry in German speaking countries. We had high efforts in safeguarding the representativeness of our study. But even if representativeness of our sample holds, the sample is only representative for a narrow population, i.e., our findings cannot per se be generalized outside our setting. Further research will be required to test our hypotheses for other industries, other regions, and other business areas. Furthermore, our study equals a snapshot to a certain moment in time. We tried to achieve a certain degree of stability of answers by referring our questions to the situation that on average was experienced in the last three years. Nevertheless, our results may be affected by external events we could not control for.
Therefore, it would be helpful to see other studies dealing with our research questions at different moments in time. It should however be remarked that the aim of our paper is not to claim without any restriction that the interdependence model is the best, but prompt future research to reflect implications of different model specification.
Furthermore, we could not demonstrate causality between our variables, what would require a time lag between dependent and independent variables. Future studies could employ a longitudinal approach to overcome this limitation.
Our model specification needs also to be critically reviewed. First, the beliefs system construct shows AGFI and RMSEA values deviating from common thresholds, even if CFI and SRMR suggest an overall good fit of the construct. Second, we tested three different models that 30 were carefully derived from theory and tested these models. Of course, these are not the only models that could be plausible. Therefore, further research should attempt to propose additional rival model in order to validate our results. Beliefsboundarytension
Tables and figures
Beliefsdiagnostictension
Interactiveboundarytension results of the three structural equation models. Chi square, df, p-value, AGFI, CFI, RMSEA, and SRMR allow for the evaluation of the fit between the model in analysis and the data. AIC, CAIC, and ECVI allow comparing non-nested models according to their ability to (parsimoniously) fit the data. Common threshold values are applied: chi square test p-value>0.05, AGFI>0.9, CFI>0.95, RMSEA<0.1, SRMR<0.08. Note that model chi square used to test the exact-fit hypothesis is commonly viewed as too restrictive for SEM, leading to a more in-depth analysis of the approximate fit measures, like RMSEA, cf. Steiger (2007) . Nested models can be compared by chi square difference test. The chi square difference statistic tests the equal-fit hypothesis. When adding paths to the model, a significant chi square difference test indicates that the competing model fits statistically better to the data than the base model. The best and most parsimonious model displays the lowest AIC, CAIC, and ECVI values. a The reported relationship is not a dependent-independent variable relationship, but represents the correlation between the variables and the significance level of these correlations. Note: * Significant at the 0.05 level; ** Significant at the 0.01 level; *** Significant at the 0.001 level. Significance levels are derived from a one-sided test for one-sided hypothesis and a two-sided test for two-sided hypothesis. The table reports standardized direct, indirect, and total effects of the LOC on the two performance constructs for both the base model and model 1. Note: Significance levels are not displayed since there are no tests of statistical significance for indirect effects through two or more mediators (Kline (2011) Common threshold values are applied: chi square test p-value>0.05, AGFI>0.9, CFI>0.95, RMSEA<0.1, SRMR<0.08, standardized loading>0.6 and significantly different from zero, Cronbach's alpha>0.7, variance extracted>0.5, individual item reliability>0.4, composite reliability>0.6. Note: * Significant at the 0.05 level; ** Significant at the 0.01 level; *** Significant at the 0.001 level (two-tailed).
Boundary system
Please rate the extent to which the following statements described your firm in the last three years Common threshold values are applied: chi square test p-value>0.05, AGFI>0.9, CFI>0.95, RMSEA<0.1, SRMR<0.08, standardized loading>0.6 and significantly different from zero, Cronbach's alpha>0.7, variance extracted>0.5, individual item reliability>0.4, composite reliability>0.6. Note: * Significant at the 0.05 level; ** Significant at the 0.01 level; *** Significant at the 0.001 level (two-tailed).
Product development performance
In comparison with the industry average, please rate the performance of your product development and the importance of the following indicators for your company over the last three years: Scale for performance: 1=well below average; 5=well above average Scale for importance: 1=not important at all; 5=absolutely important An index for product development performance was obtained by weighting the performance rating with the importance rating. Common threshold values are applied: chi square test p-value>0.05, AGFI>0.9, CFI>0.95, RMSEA<0.1, SRMR<0.08, standardized loading>0.6 and significantly different from zero, Cronbach's alpha>0.7, variance extracted>0.5, individual item reliability>0.4, composite reliability>0.6. Note: * Significant at the 0.05 level; ** Significant at the 0.01 level; *** Significant at the 0.001 level (two-tailed).
Organizational performance
In comparison with the industry average, please rate the performance of your firm and the importance of the following indicators for your firm over the last three years: Scale for performance: 1=well below average; 5=well above average Scale for importance: 1=not important at all; 5=absolutely important An index for product development performance was obtained by weighting the performance rating with the importance rating. Common threshold values are applied: chi square test p-value>0.05, AGFI>0.9, CFI>0.95, RMSEA<0.1, SRMR<0.08, standardized loading>0.6 and significantly different from zero, Cronbach's alpha>0.7, variance extracted>0.5, individual item reliability>0.4, composite reliability>0.6. Note: * Significant at the 0.05 level; ** Significant at the 0.01 level; *** Significant at the 0.001 level (two-tailed). Note: * Significant at the 0.05 level; ** Significant at the 0.01 level; *** Significant at the 0.001 level (two-tailed).
